Trials were conducted to determine effects of defaunation procedures on protozoal concentrations and in situ nutrient disappearance in steers and to detennine effects of defaunation and supplemental protein source on performance of lambs. Four ruminally cannulated steers were isolated from other ruminants and fed a dehydrated alfalfa-cracked corn diet for three periods with four replicates (steers) per period. Treatments were as follows: 1) control (no defamation), 2) dosing fasted steers for two consecutive days with 40 g dioctyl sulfosuccinate @SS) and 3) daily feeding of 40 g DSS to defaunated, nonfasted steers. Ten days post-dosing with DSS (treatment 2), three steers wefe free of protozoa but one steer s t i l l had a nuninal concentration of .6 x 104 protozoa/ml. Compared to steers prior to defaunation, treating steers for 2 d with DSS decreased (P c .05) both in situ soybean meal (SBM) N disappearance at 3, 6 and 9 h of incubation and in situ orchardgass DM disappearance at 24 h of incubation. Feeding 40 g of DSS daily for 10 d was not successful in maintaining the rumen free of protozoa. Thirty crossbred Targhee lambs (avg wt, 25 kg) were defaunated with DSS and allotted by BW and sex to five treatments: 1) defaunated, fish meal supplemented at 9.5% dietary CP (FM-9.5% CP), 2) defaunated, SBM-9.5% CP, 3) refaunated, FM-9.5% CP, 4) refaunated, SBM-9.5% CP and 5 ) refaunated SBM-12% CP. Defaunated lambs remained free of protozoa during the 5 6 d performance trial that was initiated 24 d after the defaunation procedure. Gains, DM intake and feed conversion were not affected (P > .05) by defaunation. Compared to lambs fed SBM, lambs fed FM had geater gains and DM intake and improved feed conversion.
Introduction
Reports on the effects of the presence or absence of rumen ciliate protozoa on performance of ruminants have been contradictory. Early findings indicated that there were no differences in performance of ruminants due to faunation or defaunation (Becker and Everett, 1930; Bryant and Small, 1960; Eadie, 1962) , whereas subsequent researchers have observed either small or substantial differences in growth rate, feed efficiency, fermentation and fermentation characteristics (Abou Akkada and El Shazly, 1964; Klopfenstein et al., 1966; Bird and Leng, 1978; Veira et al., 1983) . Bird and Leng (1978) reported that growth rate was 43% greater for defaunated than for faunated steers fed a protein source with a low extent of rumen degradation. Because protozoa are capable of engulfing protein particles that otherwise might escape from the rumen to be digested in and absorbed from the small intestine, defamation may have a positive 3330 impact on performance of young ruminants fed diets supplemented with protein sources with low ruminal degradation. The objectives of this study were 1) to determine effects of 2 d of dosing with dioctyl sulfosuccinate (DSS) vs daily feeding of DSS on protozoal concentrations and in situ nutrient disappearance and 2) to determine effects of defaunation and supplemental protein source on lamb performance.
Experimental Procedure
Steer Trial. Four ruminally cannulated Holstein steers were used to determine the effects of defaunation on protozoal counts and in situ nutrient disappearance. Steers were fistulated using approved procedures for the humane care and use of animals. Steers (540 kg) penned individually in a mom isolated from other nuninants were fed 5.4 kg d e hydrated alfalfa pellets and 2.6 kg cracked corn once daily at 0800. Treatments were as follows: 1) control (no defaunation), 2) dosing for two consecutive days with 40 g DSS via fistula and 3) daily feeding of 40 g DSS. The experiment was conducted in three 12-d periods (d 1 to 9 for adaptation, d 10 to 12 for sampling). All steers received the same treatment in each period to avoid housing faunated steers adjacent to defaunated steers, which could result in re-inoculation by protozoa. Just before feeding on d 10, a mixed sample of whole rumen contents was collected from each steer to determine the concentration of protozoa. Protozoal counts were made according to the procedure of Dehonty (1984) . In situ disappearance of orchardgrass DM and soybean meal (SBM) N were determined on d 11 and 12. Immediately before feeding on d 11, eight polyester bags4 containing 3 g of ground orchardgrass and 15 polyester bags containing .7 g of SBM were attached to 250-g weights and placed in the rumen of each steer. Polyester bags measured 8 x 14 cm and had a pore size of approximately 70 pm. Bags were double-stitched and the top (tied end) of each bag was seared to prevent fraying of polyester threads. Quadruplicate bags of orchardgrass were removed from the rumen after 24 and 48 h of incubation and triplicate bags of SBM were removed after 3, 6, 9, 12 and 24 h of incubation. The pH of mixed ruminal contents was measured immediately following sampling at times when bags containing SBM were removed. After retrieval, bags were M s e d with cold tap water and dried at 55'C for 3 d in a forced-air oven. Soybean meal N disappearance was determined by the Kjeldahl procedure (AOAC, 1980) and orchardgrass DM disappearance was determined gravimetrically.
All steers were defaunated in period 2. Three days prior to the initiation of the adaptation phase, steers were provided with half their normal ration. The following day, feed was withheld and steers were dosed at 0800 with 40 g of DSS via the fistula. Feed was withheld because the presence of particulate matter in the rumen reduces the effective concentration of DSS due to its adherence to feed particles (Orpin, 1977) . Each 40-g dose of DSS was dissolved in 800 ml of water prior to infusion into the rumen. The following day, steers were given a second 40-g dose of DSS at 0800. Two hours after this dosing, the steers were provided with 2.6 kg of alfalfa hay to stimulate their realimentation. The adaptation phase was the next 9 d; steers were fed their normal diet of 5.4 kg dehydrated alfalfa pellets and 2.6 kg cracked corn.
Following sampling in period 2, steers were fed 40 g of DSS daily (period 3) to determine effects of a continuous dose of DSS on in situ nutrient disappearance and inhibition of reestablishment of a protozoal population. The daily 40-g dose of DSS was dissolved in 800 ml of water and mixed with the feed. During periods 2 and 3, all feed was stored in the isolation room to avoid its contact with other ruminants. In addition, steers were fed and sampled by personnel who had not been in contact with other ruminants during that day.
Data were analyzed by ANOVA procedures for a randomized complete block design using Harvey's LSM76-mixed model least squares program (Harvey, 1982) . The model contained effects due to treatment and block (steers) and residual error was used as the error term. Treatment means were compared by the method of Least Significant Difference protected by a significant (P < .05) F-value (Snedecor and Cochran, 1980) . Lamb Growth Trial. Thirty crossbred Targhee lambs (20 ewes and 10 wethers; avg wt = 25 kg) were defaunated with DSS and allotted by BW and sex to five groups of six lambs, such that each group contained four females and two males. Each group of six was allotted randomly to one of five treatment combinations: 1) defaunated, fish meal supplemented at 9.5% dietary CP (FM-9.5% CP); 2) defaunated, SBM-9.5% CP; 3) refaunated, FM-9.5% CP, 4) refaunated, SBM-9.5% CP and 5 ) refaunated, SBM-12% CP, which acted as a positive control. Diets contained 2.7 Mcal of ME/kg DM and were isonitmgenous (9.5% CP) except for the positive control diet, which was 12% CP. AU diets were pelleted and were composed primarily of corn, corn cobs and corn starch (Table 1 ).
All Iambs in each group were paired and housed in pens such that the total BW of Iambs in each pen was similar. The defaunated lambs were housed in a mom isolated from other ruminants. The refaunated lambs were housed in an adjacent room with identical environmental conditions. Ad libitum feed intake of lambs in each pen was measured daily and lambs were weighed weekly. Feed offered and feed refusals were sampled daily at the time of feeding (0800). bulked separately and subsampled at the end of each week for DM detemhatio= Sampks of each diet were taken for the determination of CP (Kjeldahl, AOAC, 1980) and NDF and ADF (Wring and Van Soest, 1970) . One day prior to starting the defaunation procedure, all lambs were fed half their ration (500 g). Feed then was withheld for the 3-d defaunation period. Doses of 3 g DSS/dose (3 g DDS dissolved in 60 ml of water) were administered to each Iamb on three consecutive days through a polyethylene tube inserted down the esophagus. On the 2nd and 3rd d, 300 ml of a substrate solution (20 g corn starch + 40 g sucrose + 20 g casein in 300 ml water) were infused into the rumen of each lamb via the esophagus 2 h postdosing with DSS and every other day until they recovered from the defamation treatment and their feed intakes were similar to intakes previous to the DSS dosage. This period varied between 5 and 7 d.
The substrate solution was used to sustain the bacterial population in the rumen when the animals were off feed and to help the animals mover after the dosing procedure by stimulating feed intake.
All lambs were fed their assigned diets starting from the last day of DSS dosage.
Ruminal contents (obtained by stomach tube)
from defaunated lambs that were to be kept defaunated were examined 2 wk after the final dosage of DSS and found to be free of protozoa. Two weeks after the final dosage of DSS, lambs in the famated treatment group were refaunated by inoculating the rumen (via polyethylene tube inserted into the esophagus) with 300 ml of ruminal fluid obtained from a ruminally fistulated steer with mixed rumen fauna. Faunated lambs were first defaunated (using the procedure described above) before refaunation so that any side effects due to the defamation procedure would be similar for lambs in both faunated and defaunated treatment groups. Refaunated lambs were allowed 10 d for the establishment of protozoa in the rumen before the 56-d growth trid was initiated.
Rumen samples were obtained from all lambs by stomach tube on d 1 and d 56 of the growth trial to determine protozoal concentrations. Viable bacteria counts were measured on the d-56 ruminal contents using roll tubes (Grubb and Dehority, 1976) . In addition, ruminal contents from the defaunated lambs were obtained on d 28 for microscopic examination in order to check the absence of protozoa.
Care was taken to avoid accidental contamination of the defaunated lambs with protozoa. Caretakers attended to the defaunated animals first and also thoroughly washed their hands with soap and changed clothes when moving from the room housing the refaunated lambs to the adjacent room where the defaunated lambs were housed. Protozoa concentrations were measured as in the steer trial.
Data were analyzed by ANOVA procedures for a completely randomized design with a 2 x 2 factorial arrangement of treatments using Harvey's LSM76-mixed made1 least squares program (Harvey, 1982) . The model contained effects due to protein source (SBM vs FM), faunation status (defaunated vs refaunated) and protein source x faunation status interaction.
Residual error was used as the error tern.
There were three replicates per treatment combination and two lambs per experimental unit (pen). Analysis of variance procedures also were used to determine whether responses to the positive control treatment (SBM-12% CP) for refaunated lambs differed from those of refaunated lambs fed the SBM-9.5% CP diet. The model contain4 the effect of protein level and residual mor was used as the error em.
Results and Discussion
Steer Trial. In period 1, prior to dosing with DSS, ruminal protozoal concentrations in the four steers averaged 52.5 x 1@/d ( Table 2) . Ten days postdosing with DSS, protozoa were absent from three steers, but one steer had a ruminal concentration of .6 x l@ protozoa/ml. The presence of protozoa in this steer likely was due to incomplete defamation during dosing. Although there was a trend for lower protozoa concentrations for steers fed 40 g of DSS daily compared to these steers prior to dosing, mean concentrations did not differ (P > .05). Only one steer remained free of protozoa while being fed 40 g of DSS daily for 10 d.
Kayouli et al. (1984) observed that defaunation of lambs lowered the rate of straw digestion in situ. Results of the effects of defaunation on in situ orchardgrass DM and SBM N disappearance for the present study are shown in Table 3 . Similar to the report of Kayouli et al. (1984) , 24-h in situ orchardgrass DM disappearance was lower (P < .05) for defaunated steers during period 2 than for the steers prior to defaunation. However, extent of in situ DM disappearance (48-h incubation) did not differ due to defaunation status. In situ SBM N disappearance following 3, 6 and 9 h of incubation was lower for steers treated with DSS compared to values obtained for the steers prior to DSS dosing; 12-and 24-h values also tended to be lower for defaunated steers. Ruminal pH was lower during the initial 9 h postfeeding for steers 10 d after DSS treatment compared to the steers prior to DSS dosing. Lower nuninal pH in , 1983) . No other reports on the impact of defaunation on in situ N disappearance were found in the literature. Lamb Growth Trial. The defaunating agent and the procedure used for defaunation were very effective in completely removing protozoa from the rumen of the lambs and allowing the lambs to return to normal appetite in a short time. All the defaunated lambs remained protozoa-free for the duration of the For discussion purposes, results of feeding lambs SBM at two protein levels (12 vs 9.5%) will be discussed prior to defaunation effects. Lambs fed the positive control diet (SBM-12% CP) had greater (P < .OS) ADG than those fed the SBM-9.5% CP diet (Table 4) . Feed intake was greater (P < .05) and there was a trend for improved feed conversion for lambs fed the higher level of protein. The growth response to higher protein indicates that the lambs fed 9.5% CP diets were below their protein requirement. Thus, differences in efficiency of protein utilization due to protein source and defamation status would be expected to affect performance. Level of dietary protein did not 56-d trial.
affect (P > .05) concentration of bacteria or protozoa ( Table 4) .
No interactions (P > .05) existed between protein source and protozoal status; main effects are shown in Table 5 . Lambs fed the FM-supplemented diet had greater DM intake and improved feed conversions compared to lambs fed the SBM-supplemented diet (P < .05). Bird and Leng (1978) reported that supplementation with a protein pellet with a low extent of ruminal degradation (mixture of soybean meal, cottonseed meal and fish meal) in a cattle diet increased feed intake. In the present trial, growth rate of lambs fed the FMsupplemented diet was greater (P < .01) than growth rate of those fed the SBM-supplemented diet. This suggests that FM protein was utilized more efficiently than SBM for these lambs. Beermann et al. (1986) and 9 h of incubation. Lamb performance was not affected by defamation. The 56-d lamb growth trial was not initiated until 24 d after the defaunation procedure, whereas in situ disappearance measurements for the steers were made 10 d after dosing with DSS.
Perhaps 9 d for adaptation of steers following defamation was not sufficient to allow complete recovery of fermentative capability.
lmpllcatlons
Treating steers with 40 g of dioctyl sulfosuccinate on two consecutive days completely defaunated three steers; one steer had a small protozoal population 10 d following defamation. Defaunation decreased in situ soybean meal N disappearance at 3 , 6 and 9 h of incubation and decreased in situ orchardgrass DM disappearance at 24 h of incubation. Feeding 40 g of dioctyl sulfosuccinate daily for 10 d was not successful in maintaining the rumen free of protozoa Lamb performance was improved when fishmeal replaced soybean meal as the supplemental protein source. Lamb growth was not affected by defaunation and no protozoal status x protein source interaction was detected. Defamation did not affect efficiency of utilization of supplemental protein.
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